Energy expenditure in healthy people
====================================

An understanding of energy expenditure in healthy individuals is essential for planning energy supply for patients because:

it forms a basis for estimating the energy expenditure of the patient orit may provide a reference when energy expenditure of a patient is measured to evaluate changes in energy expenditure caused by disease.

Components of energy expenditure
--------------------------------

The energy expenditure of a healthy individual or a patient is a vital reference point for nutritional therapy. Under normal conditions this amount of energy must be provided to avoid a decrease or increase in body mass.

The total energy expenditure (TEE) consists of three main components:

Resting energy expenditure, REE, or basal metabolic rateEnergy expended during physical activity,Energy required for metabolism of the infused substrates (diet-induced thermogenesis, DIT)

Some illnesses such as sepsis, trauma, burns, hyperthyroidism and hypothyroidism, may result in a change in energy metabolism and, therefore, in energy expenditure.

Measuring energy expenditure
----------------------------

Measurement of total energy expenditure over e.g. 24 hours or longer, is difficult to achieve and generally can only be carried out under experimental conditions, usually with the doubly-labelled water method \[[@R1]\].

It is common practice to first measure the resting energy expenditure (REE), and then to estimate the other components of total energy expenditure (TEE). In order to measure REE, a standardised protocol is followed and various conditions (frequency of feeding, time of day, room temperature etc.) are strictly observed. The method usually used for measurement of REE is indirect calorimetry \[[@R1]\]. In this method, the O~2~ and CO~2~ concentrations in the expired air are measured, and energy expenditure calculated, with the help of formulae, on the basis of oxygen consumption and carbon dioxide production. This method can be used in both, spontaneously breathing and mechanically ventilated individuals.

Estimation of the basal metabolic rate in healthy individuals from formulae
---------------------------------------------------------------------------

**Harris and Benedict formula:**REE, men = 66.5 + 13.8 \* weight (kg) + 5.0 \* height (cm) -- 6.8 \* age (years)REE, women = 655 + 9.6 \* weight (kg) + 1.8 \* height (cm) -- 4.7 \* age (years)The basal metabolic rate of healthy people can be estimated by formulae with an accuracy of ±20% (I)The following approximations can be used for estimating resting energy expenditure, when only weight is available (C):20--30 years: 25 kcal/kg body weight/day30--70 years: 22.5 kcal/kg body weight/day\>70 years: 20 kcal/kg body weight/day

Commentary
----------

If REE is not measured, REE or basal metabolic rate (BMR) can be estimated with the help of formulae. Although many formulae have been developed to estimate the basal metabolic rate, the best known and used among these is the formula by Harris and Benedict \[[@R2]\]. In this formula, BMR is estimated based on the height, weight, age and gender of the individual. Although the formula was derived more than 90 years ago, using indirect calorimetry on a small group of 239 mostly young normal subjects, it is as accurate as more recently developed formulae, derived from larger groups. It is, therefore, still used as a guide to estimate energy requirements. In all the formulae used, the calculated values for women, with all other factors being same, are lower than for men. In addition, BMR decreases with increasing age.

The correlation coefficient squared (r^2^) between calculated and measured BMR is \<0.75 for all formulae, i.e. only 75% of the variance of BMR is predicted by weight, height, age and gender, with a 95% confidence interval of about ±20% in the samples where the respective formulae were developed.

Comparison of the basal metabolic rate values obtained by using the Harris and Benedict formula with measured values in a German reference database demonstrated that the estimated values of 42.6% of the subjects were more than 10% higher than the measured values, and for 18.0% the estimates were more than 20% higher \[[@R3]\]. In contrast, for 2.3% the estimated values were more than 10% lower than the measured values, and for 0.7% they were more than 20% lower. Another study with 130 healthy subjects, using Harris-Benedict equation overestimated the basal metabolic rate by more than 10% in 33% of the subjects \[[@R4]\]. Both studies show that the use of Harris-Benedict formula may lead to overestimation of basal metabolic rates in certain individuals. Estimation of BMR can be improved slightly by using formulae also considering the lean body mass and/or cell mass \[[@R4]\], which, however, must first be measured using an additional method. Use of body weight only is a poor predictor of BMR, and is not recommended.

When only body weight is available, BMR can be roughly estimated as follows: BMR in individuals aged 30 to 70 years is approximately 22.5 kcal/kg body weight/day. In younger adults, the value is about 25 kcal/kg body weight/day, and in older adults, 22 kcal/kg body weight/day. BMR of obese or malnourished subjects is estimated from actual, and not from ideal body weight.

Estimating total energy expenditure in healthy people
-----------------------------------------------------

Diet-induced thermogenesis (DIT) contributes to approximately 10% of the estimated TEE. In healthy individuals TEE is markedly dependent on energy expended during physical activity, and it can be estimated from REE by multiplying the REE with a factor for physical activity level (PAL) \[[@R5]\]. If the TEE is not measured, the amount of the physical activity may be estimated according to the degree of physical activity. Published tables may be used for this \[[@R5]\]. For example, in an English study, the TEE of healthy women without any heavy physical work was on an average 138% of REE, i.e. the PAL was 1.38.

Energy metabolism in patients
=============================

Components of energy metabolism in patients
-------------------------------------------

The total energy expenditure in patients is generally only 100--107% of resting energy expenditure (REE) (I).

Commentary
----------

Most patients, especially those who are bedridden, have a low level of physical activity that has little effect on TEE (except for patients undergoing intensive rehabilitation program). Furthermore, parenteral infusion of amino acids or substrate administration by means of enteral feeding induces DIT to a much lesser extent than an oral protein intake. Therefore, TEE of many parenterally fed patients is not significantly higher than REE.

Several studies studied the ratio of TEE to REE in intensive care patients and concluded that TEE is only 0--7% higher than REE \[[@R6]\], \[[@R7]\], \[[@R8]\], \[[@R9]\], \[[@R10]\]. In contrast, other studies reported a substantial increase of TEE up to 80% in critically ill patients \[[@R11]\], \[[@R12]\], \[[@R13]\]. However, in these latter studies, TEE was not *measured* but *calculated*, using energy intake and energy balance, i.e. the increase or decrease in individual body compartments.

In severely ill patients, energy expenditure may be altered due to several factors. Diseases that induce metabolic changes by increasing or decreasing the release of hormones or cytokines, may cause a corresponding increase as well as decrease in REE. Severe pain, psychological stress, shivering, and fever may all increase REE.

Since the usual circadian variation in REE tends to be absent in critically ill patients, a valid estimate of their TEE per day can be made from measuring energy expenditure during a 20 to 30 minute period at any time of the day. REE determined in this way can be compared to normal REE for a healthy person of the same weight, height, gender and age to assess the disease-induced change in REE.

Changes in the energy expenditure caused by illness
---------------------------------------------------

In many disease states, the TEE is not markedly different from REE (I).Some illnesses, particularly sepsis, trauma and burns, cause a clinically relevant increase in REE between 40--80% (I).

Commentary
----------

Not all diseases induce changes in REE. In most disorders, particularly in acute medicine, elective operations etc., measured REE is within ±10% of the values predicted from formulae \[[@R14]\], \[[@R15]\], \[[@R16]\], which is within the range of measurement error. Therefore, one of the formulae used for estimating REE can be applied in most patients, e.g. the Harris und Benedict formula. TEE can be calculated as the estimated REE x 1.0--1.2 to accommodate low levels of physical activity.

Some diseases, however, may cause a clinically significant change in REE, for example hypo- or hyperthyroidism, sepsis, trauma and burns, that often result in a marked increase in REE of 40 to 80% or more \[[@R14]\], \[[@R15]\], \[[@R16]\].

These disease-induced changes in REE are difficult to estimate, because they depend both on the severity and the duration of illness. A number of published studies show considerable differences between the estimated and measured REE in critically ill patients, and the ratio between the two values can change very rapidly.

Time dependent changes in the course of disease
-----------------------------------------------

Energy expenditure in critically ill patients changes depending on the duration and the severity of disease. Therefore, a standard formula should not be used for critically ill patients (I).A clinical deterioration due to shock, severe sepsis or septic shock decreases energy expenditure of the patient (I).

Commentary
----------

The difficulty in assessing energy expenditure was highlighted by one study of 47 intensive care patients in which the predictive values of five different formulae for estimating REE were investigated by measuring energy expenditure \[[@R4]\]. The authors showed that REE could be estimated with one formula with an accuracy of ±10% in 72% of 130 intensive care patients, and concluded that this formula was preferable to the other four tested. However, this result was based on assessments on day 19 of treatment on average, and different results might have been obtained at other time points.

Studies assessing energy expenditure of critically ill patients on several consecutive days found considerable day to day variation \[[@R15]\], \[[@R17]\], \[[@R18]\]: a continuous decrease from a peak value \[[@R19]\] or, in most cases, a pattern with a rise, a peak and then a slow decrease \[[@R11]\], \[[@R12]\], \[[@R13]\], \[[@R20]\], \[[@R21]\], \[[@R22]\], \[[@R23]\]. These studies indicate that no single formula can reliably predict the energy expenditure for the total course of illness for a critically ill patient. It seems sensible to assume that for most patients with sepsis, trauma or major operations, the course of energy expenditure increases during the first days of disease, then rises continually, reaches a peak usually between day 4 and 10, and then drops gradually over a period of weeks or even months. The peak value, the time at which the peak is reached, and the total duration of metabolic changes, depends on the severity and course of the illness. Peak values usually are about 40--80% above normal REE.

In burns patients, a very rapid rise of REE to up to 90% above normal, followed by a gradual continual drop returning to normal values only after more than 100 days was observed \[[@R19]\].

A deterioration in the patient's condition may reduce REE \[[@R24]\], \[[@R25]\] and thus may lead to an even more difficult estimation of energy expenditure. Severe sepsis or septic shock may lead to a drop of REE to a level only slightly (20%) above the normal REE or close to normal REE of a healthy subject. In case of clinical deterioration, development of multi-organ failure and/or shock, if it is not feasible to measure REE, one should assume that REE is either slightly above or close to normal REE.

Determination of parental energy supply based on total energy expenditure
=========================================================================

Energy metabolism and infusion
------------------------------

The measured or estimated energy expenditure is not necessarily the target value for parenteral energy supply (C).

Commentary
----------

An energy intake corresponding to the energy expended (isocaloric nutrition) results in energy balance, and the preservation of status quo. In contrast, an energy intake *below* the energy expenditure (hypocaloric nutrition, underfeeding) leads to a loss of body mass and weight. An energy intake *above* the energy expenditure (hypercaloric nutrition, hyperalimentation) can compensate for preceding malnutrition.

It is often assumed that energy intake of patients, particularly of critically ill patients, should match the current energy expenditure (measured or estimated), in order to maintain balance. This is not recommended, but rather the amount of energy provided relative to energy expenditure should be a conscious therapeutic decision, taking into account the objective of nutrition therapy in each case.

Determining energy intake
-------------------------

Patients who are largely immobile, with diseases not resulting in a significant change of REE, and who show no signs of malnutrition, should initially receive an energy intake similar to their current measured or estimated REE. The energy intake can be increased to about 1.2 times REE depending on individual tolerance (C).

Commentary
----------

In patients, as in healthy people, isocaloric nutrition leads to preservation of body mass. No controlled studies are available on this issue; therefore, the above recommendation represents only an expert opinion (C).

Energy intake in malnourished patients
--------------------------------------

In predominantly immobile malnourished patients, energy intake should be increased stepwise over a longer period to a target value of 1.1--1.3 times the REE (C).

Commentary
----------

In malnourished patients, the lost endogenous stores have to be replenished. Therefore, energy intake should be higher than current energy expenditure. To avoid a refeeding syndrome (cf. chapter "Complications and Monitoring" <http://www.egms.de/en/journals/gms/2009-7/000076.shtml>), the energy intake should be gradually increased from a value close to REE to a higher value of about 1.1--1.3 x REE. Thus in acute medical care, energy intake should be close to the current value of REE for these patients.

Energy intake in critically ill patients
========================================

Assessment of energy intake in critically ill patients
------------------------------------------------------

In critically ill patients, hyperalimentation is not recommended in the acute stage of the disease (A).

Commentary
----------

For a long time, nutrition therapy in critically ill patients was dominated by the concept of hyperalimentation, i.e. the provision of a parenteral energy intake of 40--60 kcal/kg/day corresponding to 50--100% above the increased energy expenditure (even 33.5 kcal/kg/day corresponds to an energy intake of 50% above the normal REE). The aim of hyperalimentation was to achieve a positive nitrogen balance.

There are no controlled trials comparing parenteral hyperalimentation with a nutritional regime providing a lower energy intake. However, many studies comparing parenteral hyperalimentation with simple fluid therapy or enteral nutrition showed no advantages or disadvantages between the two groups. A meta-analysis of 27 studies on PN patients revealed a higher mortality (risk ratio 1.78, 95% confidence interval 1.11--2.85) in a sub-group of critically ill patients receiving PN \[[@R26]\]. This higher mortality might have resulted from the hyperalimentation used in many of these studies. A considerable proportion of energy supply in these studies was provided as intravenous glucose, resulting in the risk of pronounced and lasting hyperglycaemia, which could not be corrected even by large quantities of insulin. Hyperglycaemia may lead to adverse effects on the immune system, and thereby affect the survival of critically ill patients \[[@R27]\] (I). In view of these adverse effects of hyperglycemia and the associated higher mortality \[[@R26]\], it is recommended that hyperalimentation not be used in critically ill patients.

Energy intake in acute stages of disease
----------------------------------------

In critically ill patients in the acute stage of disease, parenteral energy supply should be either lower than or equal to the current TEE (B).In critically ill patients who have survived the acute stage, energy intake should be increased stepwise to 1.2 times the current REE (or to 1.5 times REE in malnourished patients) (C).

Commentary
----------

Animal studies revealed negative consequences of hyperalimentation, but also found.that in experimental sepsis, lower parenteral energy provision (hypocaloric nutrition) resulted in improved survival \[[@R28]\], \[[@R29]\]. No controlled clinical trials have assessed the impact of hypocaloric nutrition in critically ill patients. An observational study \[[@R30]\] in patients treated for more than four days in intensive care showed that patients suffering from SIRS who cumulative received only 33--65% of the planned energy intake had a significantly higher survival (odds ratio 1.22, 95% confidence interval 1.15--1.29). A sub-group of these patients, who received only 25% of planned energy intake, had a significantly lower incidence of positive blood cultures \[[@R31]\].

Based on these data, it is concluded by the expert group that energy intake of critically ill patients, in the acute stage of disease, should be less than or equal to the current TEE. In the initial phase, energy intake could be even lower than energy expenditure, and then increased gradually over the course of several days until it matches the current energy expenditure.

Once the maximum value of energy expenditure is reached, energy intake should be gradually reduced, over a longer period of time. At this time, patients should reenter an anabolic state, in which the loss from the preceding catabolic state can be corrected. This can be achieved by a stepwise increase of energy and substrate supply. Due to a lack of controlled trials, this recommendation represents only an expert opinion (C).

Notes
=====

This article is part of the publication of the Guidelines on Parenteral Nutrition from the German Society for Nutritional Medicine (overview and corresponding address under <http://www.egms.de/en/journals/gms/2009-7/000086.shtml>).
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